Aim of this study: We retrospectively evaluated penile in¯ows in 103 previously potent individuals who underwent standard nerve sparing radical retropubic prostatectomy (RRP) for the treatment of prostate cancer. No effort to identify or spare the accessory pudendal artery (APA) was made in any case. Our goal was to investigate the role of the accessory internal pudendal artery (APA) in the maintenance of erections in this population. We hypothesize that if the APA is present in a signi®cant number of men, and its ligation signi®cantly contributes to post-RRP impotence, then there should be an increased incidence of asymmetry between RaL cavernous arterial¯ows among post RRP patients with vascular impotence. Materials and methods: One hundred and three previously potent individuals complaining of persistent erectile dysfunction for at least six months after RRP were studied with color duplex Doppler, following age speci®c dosing of PGE1. Vascular assessment was performed before and after self-stimulation, measuring peak systolic velocity (PSV), end diastolic velocity (EDV), and resistive index (RI). Erections were visually rated as inadequate (INA), adequate (ADE) for penetration, or excellent (EXC) with sustained rigidity for at least 20 min. Cavernous artery asymmetry (CAA) was de®ned as a b 10 cmas difference between right and left sided arterial ows. Results: Mean duration between surgery and Doppler study was 14.7 months. 27 out of 103 (26%) of patients developed excellent rigidity consistent with isolated neurogenic impotence (PSV 32.0 cmas, mean RI 0.95); 24 out of 103 (23%) had adequate vascular responses making it impossible to infer presence or absences of neurogenic impotence; 52 out of 103 (51) had inadequate rigidity consistent with vascular insuf®ciency (PSV 23.7 cmas, mean RI 0.66). We noted that of patients with EXC response, 48% (13 out of 27) had CAA. Among patients with severe in¯ow disease (INA responders), CAA was seen in only 21% of cases (11 out of 52). Conclusions: The incidence of APA has been reported as being from 4 ± 70%, and its signi®cance in the maintenance of erections has been questioned. Assuming that the APA provides signi®cant in¯ow in some patients, we expected an increase in CAA in individuals in whom it was sacri®ced. We found a higher incidence of CAA among post-RRP patients with normal vascular erectile responses to PGE1 (48%) compared to men with true vasculogenic impotence post-RRP (21%). These data do not support the importance of the APA in the maintenance of erections in the post-RRP patient.
Introduction
Radical prostatectomy is one of the most prevalent causes of iatrogenic erectile dysfunction. Re®ne-ments in surgical technique, allowing the preservation of the neurovascular bundles have led to signi®cantly improved potency rates. Presumably, erectile dysfunction following RRP is neurogenic in nature. 1, 2 Recently the role of vascular injury in promoting post-prostatectomy erectile dysfunction has been questioned. Aboseif et al 3 evaluated penile blood ow by Doppler in 20 patients before and after RRP ®nding 40% of patients had a post-op decrease in response to vasoactive agents. The anatomic explanation for this phenomenon has not been completely elucidated, but several studies investigating the APA have implications for post-RRP vascular erectile dysfunction. Breza et al 4 investigated the arterial in¯ow to the penis in 10 cadavers, and found that in addition to in¯ow from the internal pudendal, 70% of specimens had in¯ow from a unilateral accessory pudendal artery (APA) arising from the obturator, inferior vesical, or superior vesical artery. The highly variable angiographic appearance of the APA has been extensively documented by previous authors. 5, 6 In an effort to de®ne the importance of the APA in post-RRP erectile dysfunction, Polascik and Walsh 7 reported on a large series of radical prostatectomies in which they identi®ed the APA in only 4% of 835 patients. Post-op erectile potency of patients who had sparing of the APA was compared to post op potency of individuals who did not have sparing of the APA. No signi®cant difference in the postoperative potency rates between these groups was found. These authors concluded that routine sparing of the APA may not be productive, and may actually impair nerve sparing by the additional blood loss, secondary to the APA's proximity to the dorsal venous complex.
This present study investigated penile in¯ows in 103 impotent patients who underwent nerve sparing RRP prior to the appreciation of the potential signi®cance of the sparing of the APA. We discuss our ®ndings and their relevance to the APAs role in post-prostatectomy erectile dysfunction.
Materials and methods
One hundred and three patients complaining of persistent erectile dysfunction for at least six months after nerve sparing RRP (all surgeries were performed between 1992 ± 1994) were studied with color duplex Doppler, following age-speci®c dosing of PGE1. No effort was made to spare the APA at the time of RRP in these patients. All patients reported being potent prior to RRP. Patients younger than 60 y were given 6 mcg, while patients 60 y or older were given 10 mcg. Proximal ( Figure 1a ) and mid ( Figure 1b ) cavernous in¯ows were measured in all patients by color duplex Doppler ultrasound (CDU) before and after self-stimulation. Proximal and mid cavernous velocities were measured to insure the absence of signi®cant intracavernous collaterals.
All studies were performed using a 7.5 MHz linear transducer with standoff wedge to maximize near-®eld imaging (Siemens Quantum, Issaquah, WA). Flow velocities were measured in the sagittal plane with the shaft held extended. The angle of the cursor was held at 60 . Cavernous arteries were assessed bilaterally for peak systolic velocity (PSV), end diastolic velocity (EDV), and resistive index (RI) (Figure 2a,b) . Cavernous artery asymmetry ( Figure 3 ) was de®ned as a b 10 cmas difference between right and left sided in¯ows.
Erections were then rated by a single investigator (GAB) according to the scale detailed in Table 1 .
For statistical purposes, three categories of response were then assigned: inadequate for penetration (E0-E3, INA), adequate for penetration (E4, ADE), or excellent with sustained rigidity for at least 20 min after injection (E5, EXC). Operative reports were reviewed to determine whether unilateral or bilateral nerve sparing had been attempted.
Results
All 103 men had acquired urinary continence and were interested in sexual rehabilitation. Doppler studies were performed an average of 14.7 months after surgery. Patients had a mean age of 61.6 y Retrospective review of¯ow patterns DS Blander et al (range 45 ± 75). Forty-seven percent of patients had additional risk factors for vascular erectile dysfunction (hypertension, coronary artery disease, peripheral vascular disease, smoking, hypercholesterolemia, or diabetes). Forty-three percent of patients had both nerves spared, while 37% had unilateral nerve sparing, and 20% had neither nerve spared. The decision to spare either nerve was based upon the patient's clinical tumor stage, and intraoperative assessment of the proximity of the tumor to the neurovascular bundle. Following penile injection, twenty-seven patients (26%) developed excellent rigidity which was sustained 20 min ( Table 2) . This group had a mean PSV 32.0 cmas and a mean RI 0.95. Twenty-four patients (23%) developed adequate rigidity which was associated with a mean PSV 26.0 cmas and a mean RI 0.78. Fifty-two patients (51%) developed inadequate rigidity (mean PSV 23.7 cmas, mean RI 0.66). Patients with excellent rigidity had a signi®cantly higher PSV (T 3.53, P`0.05) and RI (T 18.3, P`0.01) than those patients with inadequate rigidity.
INA responders were further subcategorized as primarily arteriogenic (mean PSV`25 cmas) or venogenic (mean PSV b 35 cmas). Twenty one percent (11 out of 52) of the INA responders had primarily venogenic erectile dysfunction, while 79% (41 out of 52) had arterial insuf®ciency by these criteria.
Cavernous artery asymmetry was de®ned as a difference of b 10 cmas between right and left-sided cavernous arterial¯ows. 8 When cavernous asymmetry (CAA) was assessed as a parameter of potential APA ligation, we found that 13 out of 27 patients (48%) with excellent rigidity had CAA, while 11 out of 52 patients (21%) with inadequate rigidity had CAA. CAA was signi®cantly more prevalent among those patients with excellent rigidity (w 2 4.91, P`0.05). When the INA responders were subdivided into arteriogenic and Retrospective review of¯ow patterns DS Blander et al venogenic groups, CAA was found in 22% and 18% respectively. This difference was non-signi®cant. In a separate group of PGE 1 responders evaluated over the same time period whose impotence was either psychogenic, or neurogenic (secondary to multiple sclerosis, trauma, or spinal cord injury); 63 patients had excellent responses (E5). These patients had a mean age of 51, mean PSV 39.0 cmas and mean RI 0.94. We found a 49% incidence of CAA in this population (31 out of 63) with 15 patients having R b L and 16 patients with L b R by b 10 cmas.
Discussion
Impotent patients who are able to mount an excellent erection in response to PGE1 are felt to have neurogenic impotence, while impotent men who are unable to mount an erection in response to PGE1 are felt to have primarily vasculogenic impotence. In this present study, the excellent responders (EXC) and the inadequate responders (INA) represent these populations respectively. For patients with ADE responses to PGE1, it is not possible to differentiate between vasculogenic and neurogenic components to erectile dysfunction without further testing that is, nocturnal penile tumescence and rigidity testing, NPTR). Indeed among our patients with adequate erectile responses (graded E 4 ) are men with venous dysfunction (PSV b 35, RI`0.90) and mixed vascular dysfunction (PSV`35, b 25 cmas).
In the present series, no attempt was made intraoperatively to identify the APA; therefore, it is likely that the APA was sacri®ced with ligation of the deep dorsal vein. Based on cadaver studies potentially 70% of these men had accessory arteries sacri®ced. If these arteries are of hemodynamic signi®cance in the maintenance of erections, then their sacri®ce should have led to an increased incidence of vasculogenic impotence and corresponding CAA in cases where there is a unilateral APA.
If APA sacri®ce were responsible for a signi®cant degree of post-RRP vascular impotence, we would expect a very high incidence of CAA in our post-RRP patients with vasculogenic impotence as CAA is generally the manifestation of de®ciencies of proximal in¯ow. In this group of patients, the null hypothesis was demonstrated; there was a signi®-cantly lower incidence of cavernous asymmetry in patients with vasculogenic impotence than in those patients with neurogenic impotence (w 2 4.91, P`0.05). In addition, individuals in our parallel patient group with neurogenic and psychogenic impotence had similar incidences of cavernous asymmetry. This data supports the data of Polascik and Walsh 7 who found that there was minimal bene®t obtained by sparing the APA in patients in whom it can be identi®ed. Furthermore, penile vascular insuf®ciency among men who have had radical retropubic prostatectomy is related to other risk factors: age, atherosclerotic central and peripheral vascular disease, smoking, hypertension, diabetes, but not prostatectomy.
It is possible that a higher incidence of CAA in post-RRP patients was not demonstrated due to a high incidence of bilateral APA. 5 This issue could be clari®ed by performing PBFS in patients before and after RRP, however this study was not performed on the current group of patients as they were all potent preoperatively, and PBFS were therefore not indicated.
There is tremendous variability in the anatomy of the APA. Breza et al 4 demonstrated that, in several cases, the APA made up the only in¯ow to the cavernous artery. In other cases, cavernous arterial in¯ow had contributions from both the pudendal and APA (Figure 4 ). If these connections were hemodynamically signi®cant, then we would expect that, after sparing only the pudendal arterial supply to the penis during RRP, that there would be asymmetry in cavernous arterial¯ow in individuals who had an APA ligated with the deep dorsal vein.
Our data do not demonstrate a high degree of CAA in patients with vascular impotence who have had RRP. Retrospective review of¯ow patterns DS Blander et al
Conclusion
We ®nd that duplex Doppler evaluation of post prostatectomy patients reveals a low prevalence of cavernous arterial asymmetry in individuals with vasculogenic impotence. This ®nding, in conjunction with the high prevalence of cavernous asymmetry seen in individuals with normal vascular responses, does not support the theory that accessory pudendal sacri®ce leads to post-RRP vascular impotence.
